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Study of the tropospheric biennial oscillation (TBO) has attracted significant interest since the 1980s. However, the mechanism 
that drives this process is still unclear. In the present study, ECMWF daily data were applied to evaluate variation of the East 
Asian monsoon and its relationship to the TBO. First, the general East Asian monsoon index (EAMI) was delineated on the basis 
of a selected area using the 850 hPa u and v components. This new index may describe not only the characteristics of summer 
monsoons, but also the features of winter monsoons, which is crucial to understand the transition process between summer and 
winter monsoons. The following analysis of EAMI shows that there is a close relationship between summer and winter monsoons. 
In general, strong East Asian winter monsoons are followed by strong East Asian summer monsoons, and weak winter monsoons 
lead to weak summer monsoons. While strong (weak) summer monsoons followed by weak (strong) winter monsoons form a kind 
of 2-year cycle, which may be the possible mechanism leading to the TBO over the East Asian region. 
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The East Asian monsoon system is the strongest and most 
active monsoon system in the region. It has two important 
components—the winter and summer monsoon. Both of 
these components impose important impacts on East Asia, 
global atmospheric circulation and climate. Thus, research 
on the East Asian monsoon system is of general importance 
[1–3]. While most previous studies have investigated winter 
or summer monsoons, some have tried to evaluate their in-
teractions in East Asia. However, the specific nature of this 
relationship is still unclear. Through representative case 
analyses, Sun et al. [4,5] pointed out that the summer mon-
soon following a strong (weak) winter monsoon year tended 
to be weak (strong). Zhao et al. [6] found that there was an 
“out of phase” pattern between winter and summer in most 
years, and Chen et al. [7] suggested a winter monsoon index 
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relative to a West Pacific subtropical high pressure 
(WPSH). These authors also indicated that the WPSH 
shifted northward (southward) in the summer after a strong 
(weak) winter monsoon year in East Asia. In addition, a 
relationship between East Asian monsoons and the precipi-
tation over the Yangtze River valley area in summer has 
been established. However, there is no unified opinion 
among scientists regarding the interaction between the win-
ter and summer monsoons. 
There is a biennial oscillation phenomenon in tropo-
spheric circulation and precipitation, especially in the Asian 
monsoon region, in addition to the Quasi Biennial Oscilla-
tion (QBO) in the stratosphere. This phenomenon is termed 
the Tropospheric Biennial Oscillation (TBO) [8,9]. Previous 
research has described the East Asian summer monsoon 
rainfall pattern as a distinct biennial oscillation feature 
[10,11]. However, the dynamical mechanism of this feature 
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is not well understood. It is possible that this process is 
closely related to the 2-year component of ENSO [12,13]. 
Indeed, Li et al. [14] pointed out that the interaction be-
tween EAWM and ENSO may be the important mechanism 
to excite the TBO. In addition, the TBO has been associated 
with the thermodynamic conditions in the Western Pacific 
Ocean, especially vapor transportation [15]. Chen et al. [16] 
studied the mechanism of the TBO from a wider point of 
view, and suggested that the activity of stationary planet 
waves would affect the troposphere though the QBO, and 
then influence variation in the TBO.  
In the present study, the entire East Asia monsoon sys-
tem is analyzed. First, a new unified monsoon index was 
defined, and its variation was investigated to identify the 
different life cycles of the East Asian monsoon and the in-
teraction between the summer and winter parts of the East 
Asian monsoon. Finally, it is suggested that the developing 
and shifting process of these two monsoon components in 
East Asia may be the important mechanism to excite the 
TBO over the East Asian monsoon region.  
1  Data 
The basic dataset employed consists of 40 years (1961– 
2000) of EMWCF daily averaged data archived in 23 pres-
sure levels extending from 1000 to 1 hPa. These data had a 
horizontal resolution of 2.5°×2.5°. Daily anomalies in the 
field variables were taken as deviations from daily values of 
the above 40-year mean. Another dataset used was the 
121-year Mei-yu dataset from 1885 to 2005 from the Na-
tional Climate Center of China Meteorology Administra-
tion. This dataset was constructed by averaging the data 
points at five stations, Shanghai, Nanjing, Wuhu, Jiujiang 
and Wuhan.  
2  Unified East Asian monsoon index 
In earlier research, both the East Asian summer monsoon 
(EASM) and the East Asian winter monsoon (EAWM) were 
regarded as individual study entities. Many different indices 
have been applied to describe the activity and anomalies of 
each monsoon separately. Initially, Guo [17] defined an 
EASM intensity index, which could depict clearly the fea-
ture of sea level pressure (SLP) differences over the East 
Asian and West Pacific Oceans, and could identify the dif-
ferences between land and ocean to describe the entire 
EASM process. Later, the South China Sea summer mon-
soon index was selected to represent the activity of the 
EASM. Different variables were applied to define this in-
dex, such as an 850-hPa wind field, outgoing longwave ra-
diation (OLR) and the departure of the divergence between 
high and low tropospheric levels [18–20]. Even the zonal 
wind departure between tropical and subtropical areas or 
teleconnection wave trains were chosen as EASM indices 
[21,22]. These studies concluded that it was better to apply 
elements of the wind field than precipitation to define a 
summer monsoon index in the East Asian monsoon region. 
With regard to the EAWM, cold wave events often are 
used to denote its activity. Shi et al. [23] applied the differ-
ence of zonal belt mean SLP from 20° to 50°N, between 
110° and 160°E, to define the EAWM intensity index. Other 
variables used as indices to describe winter monsoon activ-
ity in the East Asian region include a 500-hPa potential 
height, and temperature and northerly wind components 
[24]. However, while different variables have been used, the 
basic features of the EAWM have correlated with each 
other.  
In East Asia, northeasterly winds prevail in winter, while 
southwesterly winds dominate in summer (Figure 1). Based 
on these wind conditions, we selected the southwest-north- 
east wind velocity as the crucial variable. The process in- 
volved averaging the domain of grid points lying within the 
study area 110°–122.5°E and 10°–22.5°N. Then, the nor- 
malized data were calculated as the unified EAMI:  
EAMI=V/[∑(V)2/n]1/2 , 
where V stands for 
2
u v+
, u and v are the zonal and merid-
ional winds, respectively, and n is the sample number (the 
days of the datum). Accordingly, we obtained the daily 
EAMI.  
 
Figure 1  The 850-hPa wind field averaged between 1961–2000 in Janu-
ary (a) and July (b). 
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Figure 2 depicts the seasonal variation of daily multi- 
year mean EAMI data. This index shows clearly the basic 
circulation characteristics of both summer and winter mon-
soons. It is applicable not only to winter monsoons, but also 
to summer monsoons. This index can reflect the transition 
feature of winter and summer monsoons. In general, the 
East Asian summer monsoon onsets in late May, and re-
treats in October. Then, the East winter monsoon is estab-
lished in mid-October and vanishes in May. Using this sim-
ple index, the basic process of the entire cycle of the East 
Asian monsoon system is presented. In summer, the shift 
from winter monsoon to summer monsoon is less abrupt 
than the transition from summer to winter. That is, the con-
tour is less steep in mid-September (shift time from summer 
to winter), compared with that in May, which is the transi-
tion time from winter to summer.  
Zeng et al. [25,26] proposed a method to divide the 
global monsoon region and quantitatively estimate the at-
mospheric circulation transition time. The index defined in 
this paper is similar to their estimate.  
3  Relationship between the EAWM and EASM 
anomaly 
In the present study, we applied a composite analysis 
method to reveal the relationship between the EASM and 
EAWM anomaly. We selected a 3-month (December, Janu-
ary, and February) mean EAMI to represent winter condi-
tions, and a 3-month (June, July, and August) mean for 
summer conditions. Then, summer EAMI values greater 
than 0.8 were selected as strong summer monsoon cases. 
We obtained 15 strong summer monsoon cases (1967, 1968, 
1972, 1974, 1975, 1981, 1982, 1984, 1985, 1990, 1991, 
1993, 1994, 1997, and 1999) from 40 samples. These 15 
cases were composites of strong summer monsoon cases. 
Then, composite results were subtracted from the multi- 
years mean EAMI. Finally, the strong summer monsoon  
 
Figure 2  Seasonal variation of a multi-year (1961–2000) mean EAMI 
(based on a daily datum). 
anomaly of the EAMI was obtained. The variation of the 
summer anomaly of the EAMI is shown in Figure 3. With 
regard to the strong summer EAMI cases, the seasonal 
variation of the EAMI shows that weak winter monsoons 
often come after strong summer monsoon events (EAMI 
appears as a positive anomalous situation). Thus, this index 
indicates that strong summer monsoons result in weak win-
ter monsoons.  
We used the threshold value 0.66 to select weak summer 
monsoon years (cases where EAMI was less than 0.66). We 
obtained 11 weak summer cases (1964, 1966, 1969, 1971, 
1980, 1983, 1988, 1989, 1995, 1996, and 1998). This method 
was similar to that for strong summer monsoon cases. We 
subtracted the multi-year mean EAMI from the composite of 
weak summer monsoon cases to find the weak summer mon-
soon anomaly. The results are shown in Figure 4. Strong win-
ter monsoons (negative in EAMI) often follow weak summer 
monsoon cases, which have negative values of EAMI.  
4  Variation of the East Asian monsoon and TBO 
The analysis in section 4 shows clearly that weak winter 
monsoon events often follow strong summer monsoon 
 
Figure 3  Variation of EAMI anomaly composite of strong summer mon-
soon cases. 
 
Figure 4  Variation of EAMI anomaly composite of weak summer mon-
soon cases. 
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cases, while strong winter monsoon events follow weak 
summer monsoon cases. In other words, there is an out-of- 
phase pattern between summer and the following winter 
monsoon cases. In this section, we discuss the conditions 
that relate the following summer monsoon to the preceding 
anomalous winter monsoon. First, strong cases were se-
lected. Then, the EAMI anomaly was achieved by subtract-
ing the composite result from the climatological mean EAMI. 
The strong winter monsoon cases included 13 years (1961, 
1966, 1969, 1970, 1971, 1973, 1975, 1981, 1985, 1988, 
1995, 1998, and 1999). The seasonal variation of the EAMI 
anomaly in relation to strong winter cases can be seen in 
Figure 5. After strong winter cases (negative EAMI in win-
ter), the following summer monsoon tends to be strong. That 
is, the EAMI anomaly is positive in summer. With weak 
winter monsoon cases, the following summer monsoon is 
weak (negative EAMI in summer) (figure not shown). In 
winter monsoon composite cases, the winter monsoon and 
summer monsoon have an in-phase pattern. Strong (weak) 
winter monsoons often activate strong (weak) summer mon-
soons. These results are supported by previous studies [24]. 
In the East and South Asian monsoon regions, there is a 
prominent periodic oscillation phenomenon extending from 
the troposphere to the stratosphere. This phenomenon has a 
period of about 2 years. In the stratosphere, this kind of os-
cillation is called the Quasi-Biennial Oscillation (QBO), and 
in the troposphere, it is called the TBO. We obtained TBO 
characteristics from the Mei-yu in the Yangtze River valley. 
Figure 6 presents the wavelet results of the Meiyu in the 
Yangtze River valley. In addition, there is high variability in 
Meiyu precipitation. The distinct periods were, respectively, 
11, 5–8 and 2 years. Different dynamical mechanisms were 
used to explain the distinct activity periods. The 11-year 
oscillation was affected by solar activity [27] and the Pa-
cific Decadal Oscillation (PDO) of SSTA in the North  
Pacific [28]. The 5–8 year oscillation was influenced by 
anomalous atmospheric circulation induced by the ENSO 
cycle [29]. The 2-year oscillation was associated clearly 
with some important atmospheric circulation process, espe-
cially the anomalous condition of the East Asian summer 
monsoon. Weak summer monsoon events bring more 
Mei-yu precipitation, while strong summer monsoon events 
bring less precipitation in the Yangtze River valley area. 
The TBO phenomenon of the Meiyu precipitation in the 
Yangtze River valley is closely related to the East Asian 
summer monsoon activity in different aspects [11,15]. The 
static aspects have been evaluated extensively in the litera-
ture and are not discussed in this paper. Furthermore, this 
paper focuses on the compact monsoon cycle that exists 
between a strong and weak, and a winter and summer, 
monsoon. The schematic diagram in Figure 7 illustrates this 
concept. 
This monsoon cycle (Figure 7) describes the connection 
between winter and summer monsoons. It represents a 
2-year cycle, which just fits the oscillation period of the 
TBO. Thus, a strong summer monsoon will induce a weak  
 
Figure 5  Variation of the EAMI anomaly composite of strong winter 
monsoon cases. 
 
Figure 6  Wavelet results of Meiyu in the Yangtze River valley. 
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Figure 7  Schematic diagram of anomalous East Asia monsoon interac-
tion cycle. 
winter monsoon, and a weak winter monsoon leads to a 
weak summer monsoon, which is followed by a strong win-
ter monsoon. Thus, the strong winter monsoon usually pre-
cedes a strong summer monsoon, which indicates the be-
ginning of the monsoon cycle. The closed relationship be-
tween summer monsoons and Meiyu precipitation allows 
for identification of the East Asian monsoon cycle. In addi-
tion, it appears that the interaction between summer and 
winter monsoons may be an important dynamic mechanism 
that leads to the TBO. 
5  Discussion and conclusions 
To study and compare the transition features and interac-
tions of winter and summer monsoons, a unified EAMI was 
defined. This index described not only the characteristics of 
the winter but also of the summer monsoon. This index also 
can be used to identify the transition features between win-
ter and summer monsoons. The results are in agreement 
with the currently existing single summer or winter mon-
soon indices, and highlight the advantages of a simple uni-
fied EAMI.  
In the previous section of this paper, the composite 
method was applied to different anomalous circumstances 
and the different interactive relationships between winter 
and summer monsoons. The results showed that strong 
winter monsoons lead to strong summer monsoons, while 
weak winter monsoons lead to weak summer monsoons. 
With summer cases, weak summer monsoons result in 
strong winter monsoons, while strong summer cases result 
in strong winter events. On the basis of these general rules, 
a monsoon cycle can be constructed over a 2-year period, 
which includes the TBO period.  
The TBO is an important oscillation mode of atmos-
pheric circulation in the East Asian region. The compact 
cycle of monsoons, which describes the interaction process 
between strong and weak, and winter and summer mon-
soons, may be an important mechanism to excite the TBO.  
The present study focuses on East Asian monsoon activ-
ity, and discusses a possible internal mechanism for the 
TBO. This internal mechanism does not contradict the ex-
ternal possible TBO mechanism mentioned in section 1, but 
can be seen as a supplementary explanation to the process. 
From this study, we achieve further detailed knowledge 
about the TBO. Further studies may investigate the dynamic 
mechanism of the atmospheric system based on a combina-
tion of internal and external factors.  
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